Abstract-The Minskowski form of electromagnetic field equations for constant moving nondeformable medium are extended to the electromagnetic field equations for deformable medium with arbitrary moving speed. Firstly, after introducing the mechanics equations for finite deformation, the electromagnetic-dependent deformation are established in non-relativity range. Then, by putting these equations into the electromagnetic field equations for moving medium, the deformation-electromagnetic field equations are established. Finally, through combining these equations with the mechanical deformation equations, the complete dynamic equations for the interaction between deformation and electromagnetic field are obtained. The results can be used to solve three typical engineering problems: (1) calculating the medium dynamic deformation for the known electromagnetic field in the laboratory reference frame; (2) calculating the electromagnetic field in the laboratory reference for the known moving velocity and deformation of media; (3) calculating the interaction between the deformable moving medium and the electromagnetic field when both of deformation and electromagnetic field are un-known.
Along with the wide application of electromagnetic media in space-air devices, the vibration of media becomes a problem not only in the sense that it causes signal transmission noise problem but also in the sense that the serious interaction between the moving media deformation and the electromagnetic field may damage the functions of the devices. So, the electromagnetic field in moving deformable media still is a problem which has essential importance for theoretic research. Based on theoretical consideration, moving deformable media problem has been addressed already by many researchers [1] . Differencing from the available research, this research seeks a resolution which is suitable for engineering calculation while maintaining the theoretic strictness.
From engineering consideration, there are three typical problems: (1) calculating the media deformation in laboratory reference for the known electromagnetic field in laboratory reference frame; (2) calculating the electromagnetic field in laboratory reference for the known moving velocity and deformation of media; (3) calculating the interaction between the deformable moving media and the electromagnetic field when both of deformation and electromagnetic field are un-known.
For moving media, the electromagnetic field cannot be obtained from classical Maxwell equations directly. For the non-relativity case, for the non-deformable constant-speed moving media, the Minkowski transformation establishes the relation between the electromagnetic field in the laboratory reference and the electromagnetic field in co-moving reference. In principle, the interaction between moving media and the electromagnetic field can be established on such a base. However, once the media is deformable, the related problems must be re-examined [2] .
For the deformation caused by electromagnetic field, the method proposed by G. H. Livens [3] is that firstly calculating the body force produced by the electromagnetic and then put the force into the mechanics equation of deformation to calculate the deformation. Under this sense, the view-point of this method is focused on the electromagnetic-dependent deformation. The reaction of deformation to electromagnetic field is ignored by this method. Hence, it is an approximation.
To overcome the shortage of this method, D. J. Kortoweg and H. von. Holmholtz [4] suggest the parameters of constitutive equations in electromagnetic fields are deformation-dependent. Then, the effects of deformation on electromagnetic field are calculated. Under this sense, the view-point of this method is focused on the deformation-dependent electromagnetic field. The reaction of electromagnetic field to deformation is ignored by this method. Therefore, it is also an approximation. Although both methods are difficult to calculating the interaction between media and electromagnetic field, they are good for engineering calculation when the deformation is very small. For large deformation or large rotation case, the interaction is strong. To get a suitable calculation method, R. A. Toupin [5] introduces the mechanics of finite deformation to retreat the related interaction problem. However, his treatment is too complicated in mathematics which is a shortage for engineering calculation.
As in practical engineering problems, when the medium is static in laboratory reference, the related electromagnetic field and deformation is well known or can be well examined. The essential question is that once the medium is applied in space-air devices what behavior can be inferred from ground observations. Therefore, this research takes the advantage of this fact to develop the related equations for the interaction between moving deformable medium and electromagnetic field. Such a formulation is expected to be easy for engineering calculation. The fast development of computation technology may make this kind of calculation very prospective.
EQUATIONS FOR ELECTROMAGNETIC-DEPENDENT DEFORMATION FIELD
For the purpose of this paper, the deformation is viewed as a point-set transformation. That is to say the deformation is described by a commoving dragging coordinator system. Under this selection, the configuration of static medium without deformation is taken as initial reference configuration.
Under above two definitions, the material element of medium is identified by its Lagranian coordinator ( x 1 , x 2 , x 3 ). For simplicity, the standard rectangular coordinator system is defined on the initial configuration. By this definition, the deformation gradient is defined on Lagranian coordinator. The deformation is described by the changes of gauge vectors that are measured in laboratory standard rectangular system. As the electromagnetic reference field is defined on the initial configuration, the field is also identified by the Lagranian coordinators. Therefore, the material invariant principle is maintained [6, 7] .
For large deformation, the current gauge vectors g i and the initial gauge vectors g 0 i are related by the deformation gradient tensor F i j :
where,
Here, U j is the displacement field measured in laboratory standard rectangular coordinator system, δ j i is Kronecker delta. For details please refer [2] . The stress tensor is defined with the help of material constant tensor C il jk as:
Note that the stress may be not symmetric. Generally speaking, the symmetry requirement is not true for large deformation as the medium may appear intrinsic local rotation. The related research shows that, when there is no body force, the motion Equations [2, 8] are:
Where, e ijk is a skew tensor; ρ is mass density. They form the basic equations for the mechanical deformation. The first equation is identical with traditional form; the other two are related with angular momentum conservation. Especially, when the deformation is very small that F i j ≈ δ i j , the Equation (4) returns to the classical symmetric stress case where only the first one equation is needed. Its difference from the deformation mechanics equation given in paper [1] is in that here only the angular momentum related with deformation is included into the motion equations. Chen's research shows that Euler rotation is included in the transformation F i j as in fact for small rotation F i j = S i j + R i j where the symmetric tensor S i j represents stretching and the orthogonal rotation tensor R i j represents the local relative rotation. Therefore, the second equation, in fact, should be called Euler equation.
For the media with electromagnetic field, the Maxwell-Lorentz body force f i should be introduced:
where, e i jk ≡ e ijk as the laboratory coordinator system is rectangular system; σ, E i , B i , J i are current charge density and field measured in the laboratory coordinator system. The equation shows that Maxwell-Lorentz body force has the same position as inertia force. In this case, the Equation (4) becomes:
They form the equations for electromagnetic-dependent deformation field.
EQUATIONS FOR DEFORMATION-DEPENDENT ELECTROMAGNETIC FIELD
As the mechanic field and electromagnetic field are identified with Lagranian coordinators for meeting the requirement of material indifference principle, the related surface integration and closed-line integration should be taken on the invariant material. To this target, the Gauss-Faraday equation, Faraday equation, Gauss-Coulomb equation, and Ampere-Maxwell equation be expressed as:
The charge conservation gives out:
The Equations (10) and (11) form the equations for deformation-dependent electromagnetic field.
FINAL RESULT: EQUATIONS FOR THE INTERACTION BETWEEN DEFORMATION AND ELECTROMAGNETIC FIELD
Combining the equations for electromagnetic-dependent deformation field and the equations for deformation-dependent electromagnetic field, the equations for the interaction between deformation and electromagnetic field are established.
The results can be used to solve three typical engineering problems: (1) calculating the media dynamic deformation for the known electromagnetic field in laboratory reference frame; (2) calculating the electromagnetic field in laboratory reference for the known moving velocity and deformation of media; (3) calculating the interaction between the deformable moving media and the electromagnetic field when both of deformation and electromagnetic field are un-known.
